Two trials of similar experimental design were conducted to assess the effects of various dietary enzymes on energy digestibility of diets high in distillers dried grains with solubles (DDGS) for broilers. A 2 × 4 factorial arrangement of treatments was used in which a cornsoybean meal control diet and a diet with 30% DDGS were supplemented with 2 different commercial enzyme products. In addition to the unsupplemented control, each enzyme was fed at the level suggested by the manufacturer, twice the recommended level, and 4 times the recommended level. Allzyme SSF (Alltech, Nicholasville, KY) was used in the first experiment, and Rovabio Excel (Adisseo, Alpharetta, GA) was used in the second experiment. Male commercial strain chicks that were 15 (trial 1) or 20 (trial 2) d old were randomly assigned to the experimental diets, with each treatment replicated 3 times. Celite (Celite Corp., Santa Barbara, CA) was used as an indigestible marker. After a 5-d period of acclimation to the diets, excreta samples were collected. The energy contents of the diet and excreta were determined and digestibility of dietary energy was calculated. In both trials, there was a significant (P < 0.05) difference in gross energy digestibility between the corn-soybean meal control diets and diets with 30% DDGS. However, no significant improvement in gross energy digestibility was obtained by adding any level of the 2 enzymes. Moreover, no significant interactions were found between the basal diets and various enzyme levels. Therefore, addition of the enzymes used in these studies had no apparent beneficial effect on energy digestibility of corn-soybean meal diets or diets with a high level of DDGS.
tities of starch and higher levels of fiber than the original grain. Consequently, the usable energy content of the DDGS is much lower than that of the initial grain. Although DDGS have found considerable use in ruminant diets, their use in swine and poultry diets is limited by the low energy content. However, DDGS can be fed to poultry successfully [1] [2] [3] [4] [5] . Furthermore, the increasing supply of DDGS from fuel ethanol encourages the use of higher percentages than have typically been used in the past.
Distillers dried grains with solubles are higher in nonstarch polysaccharides (NSP), CP, crude fat, and minerals than the parent grain. However, monogastrics do not digest feedstuffs high in NSP efficiently. As a result, the ME of DDGS is lower than in corn (2,820 vs. 3,420 kcal/kg, based on moisture content adjustment) [5, 6] . However, supplementing monogastric diets with exogenous enzymes may improve the available energy of DDGS by degrading the fiber content and increasing the digestibility of other components. Amylase improves starch digestion, xylanase reduces gut viscosity and breaks down cereal cell walls, and protease affects soybean meal antinutritional factors and storage proteins [7, 8] . Sundu et al. [9] also demonstrated that inclusion of Allzyme SSF [10] increased BW gain, feed conversion efficiency, DM digestibility, and nutrient digestibility, and decreased jejunal content viscosity.
To date, little work has been published in which the effects of enzymes on the digestibility of diets high in DDGS have been measured. The objective of this series of studies was to evaluate the use of various enzymes on the digestion and utilization of diets containing high levels of DDGS.
MATERIALS AND METHODS

Basal Diets
Two diets were formulated, one being a positive control diet with no DDGS and the second containing 30% DDGS of known composition. The 30% level of DDGS has been shown to be marginal in terms of supporting growth and feed conversion [5] and should therefore be sensitive to any improvement in nutritional value because of enzyme supplementation. The diets were formulated to meet nutrient needs for broilers 15 to 35 d of age, as suggested by a major breeder [11] . A ME level was selected that required approximately 1% supplemental poultry oil in the control diet; a higher level of poultry oil was needed for the DDGS diet to allow it to be isocaloric to the control diet. Requirements for digestible amino acids were adjusted to the energy content of the diet. All diets were fortified with complete vitamin and trace mineral mixes. Celite [12] was added at 2% to all diets as an indigestible marker for use in estimating the digestibility of nutrients. Composition and calculated analysis of diets are shown in Table 1 .
Dietary Treatments
A total of 120 Cobb 500 male chicks [13] that were 15 (trial 1) or 20 (trial 2) d old were randomly assigned to experimental diets, with 5 birds in each pen, and each treatment was replicated 3 times. Aliquots of the 2 basal diets were supplemented with various levels of enzymes. One level was the dosage level suggested by the enzyme supplier, whereas a second level was 2 times this level and a third level was 4 times this level. The enzyme dose was carefully blended with a portion of the diet before being mixed with the entire feed mix. Along with the unsupplemented diet, this resulted in 8 treatment diets, with each treatment replicated 3 times.
Enzyme Products
Two enzyme products were evaluated in 2 separate feeding trials, using the same basal feed mixes. The products were obtained directly from the manufacturers and were kept in cool (40°F) conditions until use. The first enzyme product was Allzyme SSF [10] . The product is stated by the manufacturer as providing major activities of amylase, cellulose, phytase, xylanase, β-glucanase, pectinase, and protease. The recommended level of supplementation is 200 g/ton. The second enzyme product was Rovabio Excel AP 10% [14], a source of xylanase and β-glucanase. The recommended level of supplementation is 453 g/ton. All diets were fed in mash form to avoid any possible heat damage from pelleting.
Birds and Housing
Male chicks of a commercial strain [13] were used. Chicks were obtained at 15 (trial 1) and 20 (trial 2) d of age after having previously been fed nutritionally complete diets. They were placed in wire-floored grower battery cages in a temperature-controlled room and given access to the experimental diets and tap water for ad libitum consumption. All management practices and procedures were approved by the University of Arkansas Institutional Animal Care and Use Committee.
Sample Collection and Laboratory Analysis
Birds were weighed by pen, placed in the dietary treatments, and given access to the diets for an acclimation period of 5 d. At the end of the 5 d, excreta samples were collected on aluminum foil in the dropping pans, as free as possible from feathers or spilled feed. The excreta samples were frozen and then freeze-dried. Diets and excreta samples were analyzed for acid-insoluble ash by the method of Vogtmann et al. [15] and gross energy (GE) by using a Parr Adiabatic Bomb Calorimeter [16] .
Calculations
After chemical analysis, the energy lost in feces and urine was determined for each diet, and the AME in each of the 8 diets was calculated as follows:
Subsequently, the GE digestibility was calculated using the following equation: GE digestibility (%) = AME/GE, where GE is gross energy [kcal/kg of sample (diet, excreta)] and marker is the concentration of acid-insoluble ash.
Statistical Analysis
The data were analyzed as a 2 × 4 factorial arrangement using the GLM procedure of SAS [17] , and the means for individual treatments were compared by repeated t-tests using the LS-MEANS option of SAS. Digestibility data were transformed to the square root of n + 1 before analysis; data are presented as natural numbers. A probability level of P < 0.05 was used to determine statistical significance.
RESULTS
The effects of Allzyme SSF enzyme on GE digestibility of corn-soybean meal diets and di- ets with 30% DDGS are shown in Table 2 . The diets were formulated to contain 3,020 kcal/kg of ME. The corn-soybean meal diet was determined to contain 2,914 kcal/kg of ME, whereas the DDGS diet was determined to contain 2,835 kcal/kg of ME, in good agreement with formulated values. There was a significant difference in GE digestibility between corn-soybean meal diets and diets with 30% DDGS, with the GE digestibility of corn-soybean meal diets higher than diets with 30% DDGS. Addition of the Allzyme SSF at levels up to 4 times the recommended level had no significant effect on GE digestibility for either the corn-soybean meal diets or the diets with 30% DDGS. The effects of Rovabio Excel enzyme on GE digestibility of corn-soybean meal diets and diets with 30% DDGS are shown in Table  3 . The corn-soybean meal diet was determined to contain 2,998 kcal/kg of ME, in good agreement with the 2,914 kcal/kg of ME obtained for this same diet in the first experiment and the 3,020 kcal/kg of ME calculated for the diets as formulated. The DDGS diet was determined to contain 2,928 kcal/kg of ME, in good agreement with the 2,835 kcal/kg of ME noted in the first experiment and the 3,020 kcal/kg of ME calculated for the diets as formulated. There was a significant difference in GE digestibility between the corn-soybean meal diets and the diets with 30% DDGS, with GE digestibility of the corn-soybean meal control diets higher than in diets with 30% DDGS. Addition of the Rovabio Excel enzyme at up to 4 times the recommended level had no significant effect on GE digestibility for either the corn-soybean meal diets or the diets with 30% DDGS.
DISCUSSION
Exogenous enzymes have long been used effectively in diets containing barley [18] [19] [20] [21] . Some have noted improvements in corn-soybean meal diets with the addition of certain enzymes [22] [23] [24] [25] . In a review article dealing with the use of Rovabio Excel in corn-soybean meal diets, the use of Rovabio Excel resulted in increases Means within a column with no common superscript are significantly different (P < 0.05). 1 Alltech (Nicholasville, KY).
in BW and egg mass of 1.6, 1.6, 3.9, and 3.7%, respectively, for an unspecified number of broilers, laying hens, turkeys, and ducks, with reductions of 2.5, 2.0, 2.5, and 1.6% in feed conversion [26] . West et al. [27] added Rovabio Excel to corn-and soybean meal-type diets differing in amino acid and energy composition. Addition of the enzyme did not affect the broiler live performance or carcass traits, but did decrease 14-d mortality in one study and 41-d mortality in a second study. Rovabio Excel had favorable effects when added to barley-based diets [28] , but not when added to diets high in sunflower meal [29] . Addition of Rovabio improved the performance of broiler chickens fed low-density corn-soybean meal diets [30] . Addition of Rovabio Excel AP to diets resulted in an increase in average BW of 7% and a decrease of 3% in FCR compared with control diets [31] . In the present study, there was no improvement in energy digestibility of either corn-soybean meal diets or diets high in DDGS, in contrast to the previous reports.
Addition of Allzyme SSF to diets had no significant effect on growth performance of meat ducks, but did increase tibia ash content [32] . Sundu et al. [33] fed diets with up to 40% palm kernel meal and compared different enzyme products, including Allzyme SSF. Although the use of enzymes increased feed digestibility significantly, the authors did not observe a significant difference in BW gain. Feed efficiency improved in birds fed diets supplemented with Allzyme SSF. Sundu et al. [9] also examined the use of enzymes in diets with high levels (up to 50%) of copra meal. All levels of copra meal decreased performance. The inclusion of various enzymes, including Allzyme SSF, significantly improved BW gain, feed conversion, DM digestibility, and nutrient digestibility, and decreased jejunal content viscosity, but was not able to completely overcome the growth depression caused by including copra meal in the diet. In a later study, Sundu et al. [34] studied the effects of enzymes on diets with copra meal and reported that a combination of enzymes (Hemi- Means within a column with no common superscript are significantly different (P < 0.05). 1 Adisseo (Alphareta, GA). 2 Enzyme was fed at the level suggested by the manufacturer (1×), twice the recommended level (2×), and 4 times the recommended level (4×).
cell plus Allzyme SSF) significantly improved the BW of birds fed to 6 wk of age. In the present study, there was no improvement in energy digestibility of either corn-soybean meal diets or diets high in DDGS because of dietary addition of Allzyme SSF.
Few studies have been conducted with respect to the effects of enzymes on DDGS diets, especially on diets with high levels of DDGS.
The results of the current study do not agree with those of Wagner [35] , who concluded that the combination of phytase and NSP enzymes in monogastric diets including DDGS could allow for an increase in both available phosphorus and ME.
CONCLUSIONS AND APPLICATIONS
1. Diets with 30% DDGS were not digested as well as diets based on corn and soybean meal, offering the possibility of improvement with appropriate enzyme combinations. 2. Adding the enzymes used in the present study (Allzyme SSF and Rovabio Excel) at up to 4 times their recommended level to corn-and soybean meal-based diets or diets containing a high level of DDGS resulted in no significant improvement in the digestibility of energy.
